Results have been mixed regarding whether, and how much,
nEarly studies of board of director connectedness find that membership on multiple boards (often referred to as board interlocks) reduces monitoring effectiveness, and subsequently, the corporate governance literature has used multiple board memberships as a proxy for the "busyness" of outside directors that can lead to reduced monitoring (Core, Holthausen, and Larcker, 1999; Fich and Shivdasani, 2006) . Multiple board interlocks also raise questions about the independence (and quality) of board decisions and several academic studies link board interlocks to the spread of poor corporate practices, such as option backdating (Bizjak, Lemmon, and Whitby, 2009 ) and accounting irregularities (Chiu, Teoh, and Tian, 2013) . While these previous studies focus primarily on board interlocks, which consider only the local connection between boards of directors, social network theory allows us to evaluate the effect of different facets of board connectedness. Directors that maintain multiple directorships have better access to information, such as market trends, learn from other directors' experiences, and may transfer this knowledge through their interactions with other board members. As a result, better-networked (better connected) directors likely have larger information sets, which can facilitate their monitoring and advising. Consistent with this notion, more recent investigations of overall board connectedness document higher abnormal stock returns (Larcker, So, and Wang, 2013) and better financial reporting quality (Omer, Shelley, and Tice, 2014) when firms have better connected board of directors, suggesting that the costs of multiple directorates can be offset by the benefits of acquiring information, resources or learning from other firms. We contribute to this literature by further examining the conditions in which well-connected directors and boards affect firm value.
Social network analysis has been used to study information flow across networks (of which board of director networks are examples), as well as individuals' ability to access the information (e.g., Haythornthwaite, 1996; Borgatti and Halgin, 2011; Phelps, Heidl, and Wadhwa, 2012) . This comprehensive approach to information exchange offers several "centrality" measures to evaluate the multidimensional construct of connectedness. 1 We use four of these measures including degree, closeness, eigenvector, and betweenness to investigate whether better-connected directors improve overall firm value. The simplest measure of connectedness, degree, is the number of direct connections between a given director and all the other directors in a network (Freeman, 1979) . This is similar to, but more comprehensive than, board interlocks used in prior studies. The eigenvector measure builds on the degree measure by incorporating the strength of indirect links via weighting of direct connections by how well linked those members are themselves (Bonacich, 1972 (Bonacich, , 1987 (Bonacich, , and 1991 . The closeness measure represents the shortest path between connected directors and, thus, reflects the speed at which information transfers can occur (Freeman, 1979) . Our final measure, betweenness, reflects the importance of directors within the network; directors with higher betweenness scores have more information and resources that must flow through him/ her to get to other boards or directors; being in that position presents an opportunity for the director to control the flow of information (Freeman 1979) . Overall, directors with higher centrality scores potentially have better access to and control over information.
Each centrality measure can be calculated at either the individual director or the board level. We measure all four at the individual director level and aggregate the individual measures to the board level, which allows us to investigate director connectedness both within and across boards. We investigate the extent to which the overall connectedness of the board increases firm value and compare the individual effects of inside and outside director connectedness. We also control for several firm-and environment-level factors that may influence the effect of board connectedness on firm value, including firms' investment opportunity sets, market competition, industry expertise, and operating cycle.
Using data from the BoardEx database for the period 2004-2010, we map individual director networks annually based on current board memberships from a sample of 265,116 unique director-year observations. We build the annual networks using common board memberships at the director level to follow actual relational links that form the information transfer mechanism. We calculate our connectedness measures for each director and aggregate those measures to the board level. Because these centrality measures reflect different, but related, facets of social connectedness, we create a composite measure using principal components analysis to investigate the overall effect of connectedness on firm value following Omer et al. (2014) . After controlling for a number of board and firm characteristics, we find that boards with better-connected directors have a positive impact on firm value as proxied by the market value of equity. We also find that while the connectedness of inside directors is important to firm value, the effect of outside (independent) directors on firm value is significantly greater. This finding suggests that outside directors provide information that is incremental to information transferred through a well-connected inside director and is inconsistent with Duchin, Matsusaka, and Ozbas' (2010) conclusion that outside directors may not benefit boards as expected because information about a firm may be more costly to process for outside than inside directors. We also find that boards with well-connected directors have incrementally higher value even after controlling for firms' investment opportunity sets, operating cycle, market competition and the board's industry expertise. We find similar results and inferences when using Tobin's Q to proxy for firm value.
This study makes several contributions to the corporate governance literature. First, we use social network theory to examine the benefits and costs of shared directorates. Prior studies of boards of directors consider connectedness using only the number of board memberships. We capture more subtle facets of connectedness that include the potential speed and quantity of information transfer. Instead of examining only first-degree connections, our analyses consider individual directors' positions within the networks relative to those of other directors and how well-connected the first-degree connections themselves are. Second, we contribute to the growing literature bridging corporate governance and social network theory by considering the connectedness of individual directors rather than just the connectedness of the boards. Prior studies employing social network analysis often construct networks using boards as the smallest unit of analysis; boards are connected through interlocked directors (e.g., Schonlau and Singh, 2009; Larcker et al., 2013) . We instead build annual networks based on the individual directors in order to follow the mechanistic flow of unobserved information. This approach allows us to explore differential effects of inside versus outside director connectedness on firm value, which has not been examined previously. Third, we contribute to the investment opportunity literature by showing that director connectedness provides incremental firm value beyond firms' investment opportunity sets.
The remainder of the paper is organized as follows.
In Section I, we review prior literature on directorships and present our hypotheses and measurements used for connectedness. Section II describes the data sample and research design. Finally, we present our findings in Section III and discuss their implications in Section IV.
I. Background and Related Literature

A. Joint Effects of Director Connectedness and other Board Characteristics
Boards of directors advise top management on strategic decisions and monitor management in the interest of shareholders (Fama and Jensen, 1983) . The advising role requires that the board have sufficient relevant expertise and knowledge for guiding strategic decisions, while effective monitoring requires that boards be sufficiently independent of management. Given the board's influence on critical firm decisions, considerable research has focused on ways in which firms structure boards to meet advising and monitoring responsibilities and on how board characteristics predict situations in which directors will be more or less effective. Prior research has found that directors who serve on multiple boards maybe less effective monitors because of time constraints, resulting in negative economic consequences for the firm (Beasley, 1996; Klein, 1998; Core et al., 1999; Fich and Shivdasani, 2006; Ahmed and Duellman, 2007) . For example, Core et al. (1999) provide evidence that boards with a higher percentage of outside directors serving on three or more other boards also allow higher executive compensation on average. In addition, Fich and Shivdasani (2006) find that firms with a majority of outside directors holding three or more board memberships experience lower market-to-book ratios, less profitability, and lower chief executive officer (CEO) turnover sensitivity to firm performance. Together, these results suggest that although outside board members improve board independence, situations exist in which outside director influences can impair firm performance and firm value.
Nevertheless, directors who sit on multiple boards can provide beneficial knowledge and insight from an advising perspective. By sitting on multiple boards, directors have access to information and resources that are not easily observable by investors, such as effective corporate practices and lessons learned from other boards, and can transfer this knowledge between boards of directors. This enhanced access compounds when firms share multiple directors with other firms, forming a larger network of boards connected by the common directors (Scott, 1991) . Several studies document a relation between shared board directors, called board interlocks, and the spread of value-adding corporate practices, such as business innovations (Haunschild, 1993) , alliance formation (Gulati and Westphal, 1999) , and organizational forms (Palmer, Friedland, and Singh, 1986; Palmer, Jennings, and Zhou, 1989) . Thus, firms with well-connected directors may also learn from other firms' successes and avoid their critical mistakes (Mizruchi, 1996; Mol, 2001) .
Despite the potential benefits of information exchange, board interlocks can also propagate value-reducing activities as evidenced by previous studies. For example, Chiu et al. (2013) find that firms sharing a director with a restating firm are more likely to also report an accounting irregularity, and Bizjak et al. (2009) find that interlocked directorates are associated with the spread of stock option backdating. Several management studies also report that ties between boards can facilitate collusion and reduce competition among firms (Dooley, 1969; Pennings, 1980) . Together, these studies provide evidence that information may be transferred through direct links between two boards. However, the overall effect of being well-connected in the director network remains an empirical question.
Social network analysis allows us to examine the effect of director connectedness on a global level by examining both direct and indirect links between boards. In particular, social network literature often studies the flow of information in a social network (Mizruchi, 1996; Haythornthwaite, 1996) using techniques for modeling information diffusion and access to such information through the social ties (Wasserman and Faust, 1994; Newman, 2010) . Recent studies in accounting and finance that use social network analysis approaches find that firms with well-connected directors are less likely to misstate their annual financial statements , have higher abnormal returns (Larcker et al., 2013) , and report superior post-merger performance (Schonlau and Singh, 2009) , that are beyond the effects of board interlocks. These findings that firms with better networked directors benefit from increased access to information through the director network, which in turn affects the monitoring and advising by the board. Because of the mixed nature of evidence on the benefits to firms of connected directors we state the following null hypothesis:
H1: Director connectedness is not associated with firm value.
B. Effects of Well-connectedness by Inside versus Outside Directors
The costs and benefits of director connectedness may differ between inside and outside directors. Firms reportedly allow their executives to sit on other firms' boards to benefit from additional information and resources (Schoorman, Bazerman, and Atkin, 1981; Feld, 2012) . In addition to developing relationships, CEOs can gain a broader perspective from serving on more than one board, such as exposure to alternative management styles and business strategies. However, these already busy executives may also incur significant costs because of time committed to other boards and committee meetings. For example, Perry and Peyer (2005) show that firms that allow their executives to serve on external boards benefit from the additional directorships only if the executives have strong incentives to increase shareholder value. Recent media and academic articles have also expressed concern about the extent of CEO service on outside directorships and have argued in favor of limiting this service because of potential over-commitment (Countryman, 2003; Jackson, 2009; Hodgson, 2012) .
Alternatively, advocates of increased board independence argue that outside directors serve an important role in monitoring management to protect shareholders interests, but they also incur an additional information cost, relative to inside directors, of becoming informed about unfamiliar firms (Raheja, 2005; Adams and Ferreira, 2007; Duchin et al., 2010) ; this cost accrues to the firm and may not always be balanced out by the benefits of increased board independence. To investigate the impact of well-connected inside and outside directors we estimate an overall connectedness for inside directors and outside directors and separately compare their impact on firm value. We also compare their relative effects on firm value. Because prior research provides conflicting evidence regarding the impact of inside and outside directors we state the following two hypotheses in the null: H2a: Neither inside nor outside director connectedness impacts firm value.
H2b: There is no difference between the impact of inside and outside director connectedness on firm value.
C. Connectedness Measures
While director networks can provide information that is either beneficial or detrimental to firm value, access to the information depends on the relative connectedness of individual directors and, by extension, the overall board. We use social network theory to examine the effects of director connectedness on firm value. Prior research models the network structure using measures developed specifically to reflect useful network characteristics, such as the most direct connections, the number of intermediaries between any two given members, and the directionality of connections. These measures differ from simple board interlock measures in that they allow us to better understand network interaction patterns and the relative level of influence among network members.
Following prior social network studies on directors (e.g., Omer et al., 2014) we use four centrality measures, which we refer to as our measures of connectedness, and form a composite measure using principal component analysis. The individual measures are more formally referred to in network theory as degree centrality (number of direct connections), closeness centrality (speed of information transfer), eigenvector centrality (quantity of information transferred), and betweenness centrality (key broker of information and resource transmission control). These measures capture distinct, but related, aspects of centrality; overall, the concept of network centrality is used in social network research to indicate the relative importance of an individual within a given network. Members with higher centrality scores are considered to have better access to the information or resources transferred within the network (Sparrow, Liden, Wayne, and Kraimer, 2001; Tsai, 2001; Newman, 2005; Newman, Barabasi, and Watts, 2006; Newman, 2010) . Consistent with Omer et al. (2014) greater values of our composite measure represent greater director connectedness.
We use a composite measure in our tests because the four connectivity measures, when determined at the individual director level, are not independent. Because each director has facets of all four measures, any attempt to analyze the independent effects of each measure creates a substantial omitted variable problem in our model specifications. However, as the intuition underlying our composite measure may not be readily apparent, we outline the theoretical representations of each centrality measure to provide intuition for their individual effects on information transfer.
The four connectedness variables are defined as follows. Degree centrality is a simple count of a director's direct connections to other networked directors (Freeman, 1979) . Directors with high degree scores have many connections and are potentially a busy directors. Building on the simple degree measure, eigenvector centrality (Bonacich, 1972 (Bonacich, , 1987 (Bonacich, , 1991 is measured as the number of direct links between a given network member and other network members, with the links then weighted based on how well connected the linked other members are. Connections to other well-connected members will increase an eigenvector score more than connections to less well-connected members. Conceptually, directors with higher eigenvector centrality have more power and access to more information because they can access more individuals.
Closeness centrality (Freeman, 1979) examines the position of an individual relative to others in a network and is calculated as the inverse of the sum of the shortest distances between one network member and the other network members with whom that member is connected. Thus, when members are closer, the measure is larger and the speed of information transfer is expected to be faster. Directors further from the network's center have smaller scores and, thus, directors with high closeness scores are have fast access to information when it is likely to be most valuable.
Betweenness centrality measures the extent to which a director lies on links between other directors, so the larger a director's betweenness measure, the more likely it is that transferred information must pass through that director to be available to other directors in the network. Thus, a director in this position could, in theory, derive power or influence from his/her position in the network, so the betweenness measure provides an approximate indication of network influence. Directors with high betweenness scores are sometimes referred to as key brokers within the network.
II. Data, Sample Selection, and Research Design A. Sample Data
We obtain information on boards of directors of publicly held companies from the BoardEx database and firm characteristics data from the Compustat database. Our sample period ranges from 2004 to 2010 and includes a total of 19,050 firm-year observations after conditioning on data required to construct our variables. Our sample includes 4,255 unique firms. We focus primarily on publicly traded companies, which have different governance and stakeholder characteristics than privately held companies (e.g., percentage of family board members, obligation to stockholders); thus, we do not consider private firms in our director network examination. Our sample selection procedure is described in Table I . Table II summarizes the overall director network in Panel A, and the largest and second largest connected groups of directors (components) in Panels B and C, respectively. Panel A shows that the director network for each year is composed of one large connected component followed by many significantly smaller components. The largest connected component of directors (Panel B) includes an (Table II , Panels B and C) is the average number of links connecting any two directors in a completely connected network. Directors in the largest component of our network are separated by, on average, six steps (i.e., six degrees of separation). The maximum path length or number of steps separating any two directors in the largest connected component (i.e., the network diameter) varies from 16 to 20, depending on year. In comparison, directors in the second largest component are on average separated by only three degrees, and the maximum distance between any two directors ranges from one to six.
Because connectedness measures are not all comparable across unconnected networks (Newman, 2010) , we restrict our analyses to sample firms with directors in the largest connected component of each annual network.
2 Table III reports the summary statistics for our sample of 19,050 firm-year observations. From Panel A, the mean log market capitalization in year t + 1 is 6.34 with a median of 6.37. In addition, we find that, on average, boards have at least one member that sits on another board of directors within the same industry (INDEXPERTS). The average percentage of independent directors on a board and average board size are 82% and 8.29 members, respectively. Panel B presents average firm characteristics by industry using the 17 Fama-French classifications (Fama and French, 1997) . The number of firm-year observations in an industry range from 147 to 6,944, with the Machinery and Business Equipment and Other categories, having the highest number of firmyear observations in our sample. Fabricated Products has the lowest number of firm-year observations.
B. Research Design
For each year from 2004 to 2010, we map an undirected and unweighted director network linking individual directors through shared publicly traded company board memberships. 3 We use the directors' professional board connections rather than possible social connections but acknowledge that information transfer that potentially affects firm value is not restricted to directors' professional board connections. Both sources of information transfer as it relates to the firm are likely to be highly correlated. As mentioned previously, we restrict our subsequent analyses to sample firm-year observations with directors in the largest connected component of each annual network because of comparability issues across connected groups that are significantly different in size. For each director we calculate degree, eigenvector, closeness, and betweenness centrality scores for each sample year. 4 For our main analyses, we aggregate each of these centrality scores to the firm level by taking its average across all the directors serving on a given board in a given year. We then construct our composite connectedness measure using principal component analysis to investigate the overall effect of director connectedness on firm value.
We investigate the overall effect of connectedness on firm value using ordinary least squares (OLS) regression of future firm value (year t + 1) as a function of aggregate director connectedness, controlling for board and firm characteristics that the prior literature indicates affect firm value. All explanatory variables are measured in year t. 5 We include the composite connectedness measure (CONNECTEDNESS) as the variable of interest in the following model: 5 Similar to Larcker et al. (2013) , we mitigate endogeneity concerns due to causality by examining the relation between connectedness and future firm value. Therefore firm value is measured one year after the point at which connectedness and other control variables are measured.
MVE t+1 = α + β 1 CONNECTEDNESS + β 2 INDEXPERTS + β 3 OUTSIDECEOS + β 4 BRDINDEP + β 5 BRDSIZE + β 6 FIRMAGE + β 7 BUSSEG + β 8 LEVERAGE + β 9 ASSETS + Year fixed effects + Industry fixed effects + ε .
(1)
We use the natural log of market capitalization (MVE t+1 ) to measure firm value because it captures investor's assessment of the firm's equity. The board characteristics controls in Equation (1) include the percentage of outside directors on the board (BRDINDEP) and board size (BRDSIZE). We also control for two other board characteristics that may affect the need for information or the extent to which information is used by the board. The first measure, INDEXPERTS, is a measure of industry expertise of the board of directors. Directors are exposed to contemporaneous industry-specific information, such as consumer knowledge and market trends, that can be transferrable between firms in the same industry. Therefore, highly connected directors who serve on multiple boards in the same industry are likely to receive more easily applicable information than individuals who are board members for firms in different industries. The second board characteristic, OUTSIDECEOS, allows us to control for the effect of having outside CEOs serving on firms' board of directors. These directors may serve as a source of contemporary management information and are able to provide relevant and current advice given their position as CEO of another firm. On the other hand, the benefit to the board of another firm's CEO is that the firm's own CEO may have an "ally" in the boardroom, resulting in actions that could potentially lower firm value.
Firm-level control variables are leverage (LEVERAGE), firm age (FIRMAGE), the natural logarithm of assets (ASSETS), and the number of business segments (BUSSEG). These variables are further defined in the appendix. We estimate our regression model with year and industry fixed effects to account for heterogeneity across time and industries. We also cluster standard errors on firm to adjust for unobserved firm effects (Petersen, 2008) . The data is winsorized at the 1 st and 99 th percentiles for all continuous variables.
To investigate whether inside and outside director connectedness affects firm value differently, we re-estimate Equation (1) using inside director connectedness and outside director connectedness through seemingly unrelated estimation methods (SUR). We use SUR instead of separate OLS regressions because the error terms for the two equations are likely correlated, resulting in inefficient OLS coefficients. In addition, SUR allows coefficients to vary by group, which is important for understanding the effect of each variable by group. We then compare the connectedness coefficients to evaluate whether there is a difference in the impact of inside and outside director connectedness on firm value. An inside director is defined as an individual who has a board affiliation of "employee" and an outside director is defined as an individual who has a board affiliation of "independent" in the BoardEx database.
We also examine the effect of director connectedness on firm value after controlling for heterogeneity in firms' business environments including market competitiveness, operating cycle, investment opportunity set and geographic aspects of information accessibility. To proxy for market competiveness, we calculate the Herfindahl-Hirschman Index in each two-digit standard industrial classification (SIC) industry per year. Lower values of the index indicate lower market concentration or higher competition. We define HIGH_MKTCOMP as an indicator variable equal to 1 when the firm operates in an industry that has a HerfindahlHirschman Index of sales in the lowest quartile of all industry scores and 0 otherwise. In addition, firms may have higher firm value because they have better operating efficiency as reflected by faster operating cycles than similar firms. Therefore, we also control for the length of the operating cycle following Biddle, Hilary, and Verdi (2009) based on receivables over sales and inventory over cost of goods sold. 6 We construct an indicator variable, HIGH_OPCYCLE, which is equal to 1 when the firm has a faster operating cycle than the median operating cycle length for its industry and 0 otherwise.
To control for differing investment choices available to firms, we calculate investment opportunity set (IOS) scores for each firm using the factor analysis approach developed in Baber, Janakiraman, and Kang (1996) and employed in previous IOS studies (e.g., Cahan, Godfrey, Hamilton, and Jeter, 2008; McGuire, Omer, and Wilde, 2014) . The four variables used to construct IOS scores are (1) investment intensity, (2) the geometric mean annual growth of the market value of assets, (3) the market-to-book ratio, and (4) the ratio of research and development expenditure to total assets. Following Baber et al. (1996) , we define investment intensity as the sum of acquisitions, research and development, and capital expenditures for years t -2 through t divided by total depreciation expense over the same period. 7 The geometric mean annual growth in the market value of assets is calculated as the nth root of the ratio of the market value of assets for year t to the market value of assets for year t-n, where n is the maximum number of periods (1 to 3) for which data is available. We calculate the marketto-book ratio as the market value of assets divided by the book value of assets at the end of year t. Finally, the ratio of research and development expenditure to total assets is R&D expense scaled by the firm's book value of assets at the end of year t. This approach reduces the four variables to a single firm-level factor score representing the firm's IOS score for year t. For each firm, we classify the IOS score into low and high scores at the industry median and create an indicator variable, HI_IOS, equal to 1 when the firm's IOS score is above the median, and 0 otherwise.
Finally, we evaluate the relation between director connectedness and firm value while controlling for information accessibility. In particular, firms that are located in densely populated areas may have greater access to information because their information environment is more complete and thus would not necessarily benefit (or benefit as much) from well-connected directors as firms located in less densely populated areas. We create an indicator variable, TOP10_MSA, that is equal to 1 when a firm is headquartered in one of the top 10 most-populated metropolitan statistical areas (MSA) as measured by population and 0 otherwise.
III. Empirical Analysis
A. Main Results
Table IV reports our main results from estimating Equation (1). We find a positive and significant coefficient for CONNECTEDNESS (0.095, p < 0.01), suggesting that future firm value increases when the board and its directors are better connected and rejecting H1. This is consistent with the idea that well-connected directors have larger information (MVE t+1 ) is the natural log of market capitalization measured in year t+1. The explanatory variables are measured in year t. The regression includes year and industry fixed effects. Robust standard errors are adjusted for clustering by firm. The t-statistics are presented in parentheses. The variables are described in the appendix. sets, which can facilitate decision making that results in higher firm value. We find similar results when using Tobin's Q as the dependent variable. In addition, the positive and significant coefficients for INDEXPERTS (0.047, p < 0.01) and OUTSIDECEOS (0.044, p < 0.01) suggest that firm value also increases with more industry experts and CEOs on the board of directors. In terms of economic significance, moving from the 25 th to the 75 th percentile of connectedness in year t results in an 11.4% higher market capitalization in year t + 1.
VARIABLES
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To evaluate whether the connectedness of inside directors or outside directors have different effects on firm value, we re-estimate Equation (1) using seemingly unrelated regression with the aggregate connectedness for inside directors in the first regression and the aggregate connectedness of outside directors in the second regression. The first column of Table V reports the results of regressing future firm value on the connectedness of inside directors. The coefficient for inside director connectedness (INSIDE_ CONNECT) remains positive and significant (0.067, p < 0.01), suggesting that firms benefit from greater network ties when their executives serve on or are connected to other boards. Similarly, we also find that the coefficient for outside director connectedness (OUTSIDE_CONNECT) is positive and significant (0.109, p < 0.01). Therefore, both inside and outside director connectedness increase future firm value, and we reject H2a. When comparing the magnitudes of the two coefficients using a Wald test, we find that they are statistically different (p < 0.01), which suggests that the effect of the outside director connectedness on firm value is (MVE t+1 ) is the natural log of market capitalization measured in year t+1. The explanatory variables are measured in year t. All regressions include year and industry fixed effects. Robust standard errors are adjusted for clustering by firm. The t-statistics are presented in parentheses. The variables are described in the appendix.
VARIABLES
(1) greater than that of inside directors and allows us to reject H2b. In terms of economic significance, moving from the 25th to the 75th percentile of outside director connectedness in year t results in 7% higher market capitalization in year t + 1 compared to moving from the 25th to the 75th percentile of inside director connectedness. We find similar results when using Tobin's Q to proxy for firm value (untabulated). This finding provides evidence that the costs of outside directors assimilating information about the firm are, on average, exceeded by the benefits of the information provided by the outside director.
B. Controlling for Business-related Factors
We further examine whether director connectedness improves firm value in varied business and information environments. (MVE t+1 ) is the natural log of market capitalization measured in year t+1. The explanatory variables are measured in year t. All regressions include year and industry fixed effects. Robust standard errors are adjusted for clustering by firm. The t-statistics are presented in parentheses. The variables are described in the appendix.
VARIABLES
(1) (2) Equation (1) with additional controls for market competitiveness, operating cycle, investment opportunity set, and information accessibility as a result of geographic location. We find positive and significant coefficients for CONNECTEDNESS in all estimations, confirming that firms benefit from having well-connected directors even after controlling for differences in other business-related factors that may affect firm value. While the coefficients for market competitiveness (HIGH_MKTCOMP) and operating cycle (HIGH_OPCYCLE) are not significant in the first and second models, respectively, the coefficient for HIGH_IOS is positive and significant (0.519, p < 0.01), indicating that firms that have more investment opportunities have higher firm value.
C. Additional Tests
Change Analysis
To further control for unobservable determinants of firm value that are time-invariant, we examine the change in firm value between year t and year t-1 as a function of changes in explanatory variables used in Equation (1) between year t-1 and year t. Hence, similar to the results provided above, the dependent and explanatory change variables are not measured contemporaneously. We do not include industry fixed effects because industry membership is generally timeinvariant. 9 We estimate the following change model using ordinary least squares (OLS):
Table VII presents the results of estimating Equation (2). We find that the coefficient for change in connectedness (ΔCONNECTEDNESS) is positive and significant (0.055, p < 0.01), suggesting that an increase in aggregate director connectedness is associated with increases in future firm value.
9 Our findings do not change when we include industry fixed effects. 
Endogeneity
One potential concern of our empirical findings is endogeneity between firms' selection of directors and firm value. On one hand, firms may choose well-connected directors in order to improve firm value. However, another possible explanation is that well-connected directors may accept directorships for firms that are already highly valued. In addition, our results linking connectedness to firm value may be driven by an omitted variable correlated with our connectedness measure that also affects firm value. We address endogeneity using several methods. First, similar to Larcker et al. (2013) , we measure our dependent variable after the point at which we measure connectedness and other control variables. In addition, we employ a change model with the dependent variable measured from year t to t+1 and explanatory variables measured in the prior period (year t-1 to t). Finally, we perform a Hausman test, which compares the OLS and instrumental variables (IV) estimates, to test for endogeneity (Hausman, 1978) . A significant difference between the estimates would indicate that the OLS estimates are inconsistent and that the IV approach is more appropriate.
For the instrumental variable, we select the industry average connectedness because it is likely correlated to the firm's connectedness, but uncorrelated with the error term; the average connectedness in the industry may determine the extent to which the industry as a whole chooses wellconnected directors, but the average connectedness in the industry should not affect individual firm value. To mitigate weak instrument concerns we estimate a reduced-form regression using CONNECTEDNESS as the dependent variable and the instrumental and exogenous variables on the right-hand side. The results from the reduced-form regression confirm that the industry average connectedness is a good instrumental variable. For the Hausman test itself, we find in untabulated results that the OLS and IV coefficients are not statistically different and we cannot reject the consistency of the OLS estimates. We report our main analysis using OLS because the OLS estimates are more efficient than the IV estimates and therefore preferred.
IV. Conclusion
Boards of directors are tasked with monitoring and advising management on corporate decisions that can have a critical impact on firms' value. This paper considers the potential benefits and costs of acquiring external information from other firms through shared directorates. Directors form relationships with each other by serving on the same corporate board, and these relationships link firms when individuals serve on multiple boards. However, the acquisition of external information can also impose costs on individual directors. These costs include the additional time and effort required to serve on multiple boards, which potentially impair oversight responsibilities, as well as imposing the risk to the firm of acquiring and spreading damaging information such as poor corporate practices. Our primary finding is that firms with higher aggregate connectedness, as proxied by our composite social network measure, are associated with higher firm value on average, even when controlling for other factors that have been found to affect firm value. This suggests that for our sample of firms the directors' cost of acquiring external information does not outweigh the potential benefits of greater and faster access to information from other firms. In addition, we find that while future firm value increases with connectedness of both inside and outside directors, well-connected outside directors have a larger impact on future firm value than wellconnected inside directors. Overall we find positive benefits for connectedness even when we consider additional business and information environment differences.
This study makes several contributions to the corporate governance literature. First, we extend corporate governance research using social network theory and methods to examine the benefits and costs of shared directorates. Prior studies of boards of directors commonly consider connectedness only as the number of board memberships. We use an alternative approach that captures the more complex aspects of connectedness that extend beyond the number of board memberships to include the potential rate and amount of information transfer, as well as the effect of a board position as a key information broker. Second, we contribute to the emerging literature bridging corporate governance and social network theory by considering the connectedness of individual directors rather than boards. By studying connectedness at the director level, we are able to consider the effect of inside versus outside directors. Finally, we also contribute to the IOS literature by providing evidence that director connectedness has a positive effect on firm value even when investment opportunity sets are high.
A limitation of our director network analyses is that the results consider only the directors, and subsequently firms, that are part of the largest connected component in the network. As mentioned previously, we use this approach because the standard formula for calculating the closeness scores is limited in that the resulting measures are not comparable across disconnected groups or components in a network. The measures capture relative connectedness and centrality within a particular network and they cannot be meaningfully compared to analogous measures for directors in a completely separate, perhaps much smaller or larger, network. Thus, the general inferences about the effect of firm connectedness may not apply to the disconnected 30% of directors and corresponding firms if the smaller group of boards interacts in a significantly different manner than the larger connected component. Future studies will consider modified centrality measures that allow incorporation of the disconnected components.n
